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1 - Adaptive Network-based Fuzzy Inference
System= ANFIS
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2 - Gurney 6 - Radomsky

3 - Bagchi 7 - Danger Zone
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1 - Spacing 4 - Powder Factor
2 - Stemming 5 - Charge per delay
3 - Number of rows
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1 - Specific drilling 4 - Multivariate Regression Analysis = MRA
2 - Monte Carlo = MC 5 - Mean Absolute Error = MAE
3 - Manoj 6 - Rock Engineering System = RES
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1 - Root Mean Square Error = RMSE 5 - Back-Propagation Neural Network = BPNN
2 - Fuzzy logic 6 - Transfer Function
3 - Stojadinovic 7 - Hidden layer
4 - Video processing 8 - Neuron
9 -ANFO

VY



ot Ll oyt b ales 3 a8 oot il oS olas 5 o3 5 i s ong 5555l s IS
Bl )l a3 8 30 e S 1  uginS atals gy dawgs S sl il b g Sl

(Yari etal, 2016) o

Srytaliy oy elal p 1y (Joe « Sl (ot @l VoV Jlo o ol ,Sea 5 aal 6

Ohle ouls 6)9]é0.? sosls o 6)5](:‘*-? Sl o Hase £ 5l laools Lais S &Il (GP) v&w)
Pz s e Job (Jla jhd da > ol alold 4 o)by, Cans o5 lA5 S (5,00 5951 5l aisg
ok Sl s et Az (g S BT 5 S5 (53 y00l g, 99 5] B cnl 0 B e
oz Sl yo (2 S0leo H990m0 sl 38 5 G095 99 Cnl dnmlite (sl calyd 5o ol ooliin] oD
AL Py e a4 S shuaeln Uy e gl polie a5 b eslaiul il ly lade g
s YENAY /MNP L ol ey & ot 8 B e )5, },,llﬂ 009y &l g ARRVY 5 VY/EYA

(Faradonbeh et al, 2016) ol acwl=s AV/FF

OS5 50T G395 99 S 3 5l (st sl YO8 Lo o oSea 5 Sl

o ol )b (53, 2 a5 chmwla 30T @ am g5 b Colys j0 030,58 eolatul ¢f,I5 Cige sl acts &l wix
(Armaghani et al, 2016) cusls by el )b S8 o 50 1y il o ytis (6,00 356 i alxl
Sl St @l 5 Ol piysl bl 1) (Jae VI8l o )] Sen g ol 3
+/AY¥ 9 +/4Y . l.gﬁ‘ﬁ g.,u.)).: A Ceud 9 uu)g.AT 6&00‘«) 6‘)‘.’ IR d..awal?bo u.u.u w}«c .».\50)5 dj‘)‘
Gilwdinge «3aod ol j0 (gam Bas g solpiian Jow 09 wgllas saims lid S ad awle

1 - Cosine Amplitude Method = CAM 4 - Gene Expression Programming = GEP
2 - Genetic Programing = GP 5 - Firefly Algorithm = FA
3 - Non-Liner Multiple Regression = NLMR
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Abstarct

Blasting is the one of the most important operation in open pit mining, which is associated
with undesirable and unwanted effects. One of the consequences of the blasting operation is
the flyrock phenomenon, which can have unpleasant consequences such as damage to
equipment and people in the mine. The first step to reducing the harmful effects of the flryock
is to predict it. There are several methods, including experimental methods, mathematical
methods and artificial intelligence to predict this phenomenon. Artificial intelligence
methods have more accuracy, efficiency and speed than other methods. The factors affecting
the flyrock can be divided into two main categories which includes controllable and
uncontrollable parameters. The aim of this thesis is to predict the flyrock of the blasting
operation in the Anguran mine. For this purpose, at first the data of 91 blasting operation
were collected from this mine. Then, two models were developed to predict flyrock using
predictive adaptive network-based fuzzy inference system (ANFIS) in MATLAB and
support vector machine (SVM) in WEKA software. The coefficient of determination (R?)
and the Root Mean Square Error (RMSE) for the ANFIS were obtained of 0.959 and 6.878
and for the SVM were found of 0.974 and 5.522 respectively, which indicates a better
performance of SVM. Finally, with the use of the Cosine Amplitude Method (CAM),
sensitivity analysis was performed on the parameters. The result show that the powder factor
and subdrilling had the most and least effect on the flyrock respectively. Knowing the amount
of flyrock, it is possible to use controlling methods to reduce the harmful effects of this
phenomenon, which will ultimately improve the performance of blasting and mining

operations.

Keywords: Blasting operation, flyrock, ANFIS, SVM.
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